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(54) Current-carrying control device and electric power steering apparatus 



(57) Current correction control is carried out by con- 
trol process of a control circuit 13 that temperatures of 
the electromagnetic relays 1 8a and 1 8b are assessed 
one by one based on the detection temperature by the 



temperature sensor 18c, when the temperature as- 
sessed value rises over the predetermined value, the 
upper limit of the target current value of the motor 1 1 is 
decreased. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a current-car- 
rying control device which controls a switching condition 
(conductible condition or cutoff condition) of a current- 
carrying line by a relay such as electromagnetic relay or 
semiconductor relay, or to an electric power steering ap- 
paratus including such the current-carrying control de- 
vice. More particularly, the present invention relates to 
a device capable of preventing an overheat of the relay 
practically. 

2. Description of the Related Art 

[0002] In the electric power steering apparatus used 
for a small vehicle such as light car, a steering torque 
generated at a steering shaft by steering a handle of the 
vehicle is sensed by a torque sensor Corresponding on 
the steering torque, a steering-assistance torque is gen- 
erated by flowing a current to an auxiliary motor (here- 
after simply called motor) attached at the steering shaft 
from a battery of the vehicle. In current control of the 
motor for the torque generation, an H-bridge circuit in- 
cluding usually four FETs (Field Effect Transistor) is 
used, the motor is driven by a control portion including 
a microcomputer with PWM (Pulse Width Modulation) 
systemthrough a driving circuit including the H-bridge 
circuit. 

[0003] In the current-carrying line of the driving circuit 
(if circumstances require, current-carrying line between 
the driving circuit and a power source, and current-car- 
rying line between the driving circuit and the motor), a 
relay such as electromagnetic relay is provided as sim- 
ilarly as a general motor control device so as to control 
the switching condition of the current-carrying line by the 
control portion. That is, in the case of the electronic pow- 
er steering apparatus, at a non-operation condition of 
the apparatus, the current-carrying line is made the cut- 
off condition by keeping the relay an open state so as 
to avoid generation of a large current (over-current) by 
a reverse connection of the battery (to connect the bat- 
tery of the vehicle with a reverse polarity) . In case of a 
short fault in the FET at an operation of the apparatus, 
the relay is switched to the open state so as to cut the 
current-carrying line in order to avoid generation of the 
large current, malfunction of the motor, or regenerative 
lock caused by the fault. 

[0004] The regenerative lock means here phenome- 
na that both terminals of a motor coil are connected by 
the short fault of the FET, and the handle of the vehicle 
connected to the motor becomes hard or impossible in 
rotary operation because so called regenerative break 
at the motor is generated. In order to solve the problem 
of such regenerative lock, a relay such as electromag- 



netic relay is necessary to provide even at the current- 
carrying line between the driving circuit (exactly, the H- 
bridge circuit) and the motor. 

[0005] In such electric power steering apparatus, al- 
5 though measures have carried out to protect the FET 
from heating by controlling the carrying current to the 
FET (that is, carrying current to the motor.) so that a tem- 
perature of the FET is not more than a designated tem- 
perature in related art, measures have not carried out 
to positively protect the relay from heating . This is be- 
cause of the following. In related art, such electric power 
steering apparatus has used only for a small vehicle 
such as light car as above-mentioned because it is dif- 
ficult to generate a large steering-assistance torque 
comparing with a hydrolic device. The current flowing 
through the motor is low level, maximum about 40 A, at 
a full operating condition of the apparatus such as op- 
eration of the quick turn of the wheel. Because of that, 
a calorific value of the relay or parts generating heat ar- 
ranged at periphery thereof (the above FET, for exam- 
ple) is not so large, and the overheat of the relay is pre- 
vented practically without problem by means of meas- 
ures that a suitable radiator is provided. 
[0006] However the above electric power steering ap- 
paratus is easy in electric control. There are various 
merits that a hydraulic pump and an oil piping are not 
need and the structure is simple. Accordingly, an appli- 
cation for a normal passenger car is investigated now- 
adays, and it is possible to apply for a large vehicle in 
future. 

[0007] When the apparatus is mounted in such com- 
paratively large vehicle, the current of the motor is need- 
ed maximum 60 to 80 A for example in order to drive the 
motor and then generate the designated steering-as- 
sistance torque in the full operating condition of the ap- 
paratus such as quick return of the wheel. At such con- 
dition, the calorific value (in proportion to a square of the 
current) from the relay itself or parts generating heat at 
periphery thereof increases substantially, and it is im- 
possible to protect the relay from the overheat with only 
the operation of the radiator. 

[0008] A design so that the relay does not become an 
overheat state under the condition of the above-men- 
tioned current-increase is possible in principle by pro- 
viding a radiator corresponding to a maximum calorific 
value at the control unit of the apparatus where the driv- 
ing circuit, the microcomputer, and the relay are stored 
or by selecting a capacity of the relay itself for the max- 
imum current. However practically it is impossible. In 
this case, the radiator becomes large extremely, and the 
relay becomes large particularly. Because of that, the 
ontrol unit is not stored at the narrow limit of space for 
arranging the unit of this kind in the vehicle. 
[0009] When the relay becomes the overheat condi- 
tion for example, there is the possibility that the relay 
coil thereof deteriorates (decrease of life), burns, or a 
solder connecting the terminal thereof melts. Such over- 
heat condition must be avoided positively and certainly 
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at a viewpoint to make sure of a high reliability of the 
steering system in the vehicle. 

SUMMARY OF THE INVENTION 

[001 0] Accordingly, an object of the invention is to pro- 
vide a current-carrying control device which controls a 
switching condition of a current-carrying line by a relay 
such as an electromagnetic relay or a semiconductor 
relay and an electric power steering apparatus including 
such current-carrying control device, more particularly, 
a device for avoiding an overheat of the relay positively 
and certainly with a small construction. 
[0011] A current-carrying control device according to 
the invention has a relay provided at a current-carrying 
line of a loadandcontrollingthecurrent-carrying lineto a 
conductible condition or cutoff condition by a switching 
operation of the relay. The current-carrying control de- 
vice also has a temperature sensor detecting a temper- 
ature at a designated portion where a temperature of 
the relay can be detected or calculated, and a current 
control unit carrying out a current correction control for 
correcting down a current flowing through the relay ac- 
cording to necessitybased on a detection temperature 
detected by the temperature sensor in order to keep the 
temperature of the relay less than an allowable temper- 
ature. 

[0012] Here in "load", various kinds of electric loads 
are included such as a motor, a solenoid, and a lamp. 
"Current-carrying line of load" means a series of current 
path (comprising circuit conductor or cable) between the 
load and a power source (positive pole and negative 
pole) . In case of that there is a driving circuit as a load, 
a current path between the driving circuit and the power 
source and a current path between the driving circuit 
and the load are included. 

[001 3] I n "relay" , a usual electromagnetic rely, a sem- 
iconductor relay, and a switching element such as FET 
are included. 'Temperature of relay" is a temperature of 
place where it is judged whether by the overheat, a func- 
tion or a reliability of the relay deteriorates, or is lost or 
not (that is, whether less than the allowable temperature 
or not). According to circumstances, is an average tem- 
perature of all of relays, or a temperature of a specific 
place having heat problem of the relay (for example, 
temperature of the contact of the electromagnetic relay, 
terminal, or coil). 

[0014] In "designated portion where the temperature 
of the relay can be detected or calculated", any portion 
of the relay itself is included, and a portion being roughly 
same temperature as temperature of the relay (for ex- 
ample, circuit conductivity connecting terminal of the re- 
lay or near part of the terminal at the board) is also in- 
cluded. Further a portion where temperature is changed 
while a relation with the temperature of the relay is kept 
(for example, a part comparatively near to the relay at 
a radiation plate for radiating the heat of the rely) is in- 
eluded. As an extreme mode, a portion equal to circum- 



stance temperature of the apparatus is also included. 
[0015] "Designated portion" is sure of a portion where 
the temperature of the relay including a certain allowa- 
ble error can be detected or calculated, incidentally in a 
s relay such as an electromagnetic rely usually used for 
an electric power steering apparatus, as the allowable 
temperature of a terminal (solder connection part) and 
coil is a level of, for example, 120°C to 200°C, at least 
error of 1 °C to 1 0°C is practically permitted. 
w [0016] "Current correction control" maybe, for exam- 
ple, a control for decreasing the current than usual 
based on the detection temperature of the temperature 
sensor (for example, control for surely decreasing the 
current value only a ratio according to the detection tem- 
15 perature). Further the control may be a current limitation 
control for limiting the current than usual based on the 
detection temperature of the temperature sensor (for ex- 
ample, control for decreasing an upper limit value of the 
current only a ratio according to the detection tempera- 
te ture, the current does not always decrease every time). 
[001 7] According to the invention, as the temperature 
sensor detects the temperature of the designated por- 
tion such as the above-mentioned, the temperature of 
the relay can be judged and monitored based on detec- 
ts tion temperature of the temperature sensor. Based on 
the result of monitoring, the current correction control is 
carried out for correcting down the current flowing 
through the relay according to necessity, and the tem- 
perature of the relay is kept less than the allowable tem- 
30 perature. 

[0018] Accordingly, it is positively and surely avoided 
that the relay deteriorates or is damaged by the over- 
heat. Furthermore as the current being the source of the 
heat is limited, the relay is protected surely from the 
35 overheat without providing a large radiator or an enlarg- 
ing capacity (size) of the relay. Therefore, the device can 
make sure of high reliability avoiding enlarging the de- 
vice. 

[0019] An electric power steering apparatus accord- 
40 ing to the invention has an auxiliary motor which is con- 
nected to a steering system of a vehicle and generates 
a steering-assistance torque, a bridge circuit which 
comprises plural switching elements and drives the aux- 
iliary motor, and a relay which is provided at a current- 
's carrying line of the auxiliary motor. The apparatus cuts 
the current-carrying line by making the relay an open 
state when an abnormal condition to cut the current-car- 
rying line occurs. At a usual operation condition not gen- 
erating the abnormal condition, the apparatus controls 
so the current of the auxiliary motor to a target current value 
so that the steering-assistance torque becomes a value 
corresponding to the steering torque, by operating the 
switching elements according to the steering torque of 
the steering system while the current-carrying line with 
55 an conductible condition is kept by making the relay a 
close state. The apparatus has a temperature sensor 
for detecting a temperature at a designated portion 
where a temperature of the relay can be detected or cal- 
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culated, and a current control means for carrying out a 
current correction control for correcting down the target 
current value according to necessity based on the de- 
tection temperature detected by the temperature sensor 
in order to keep the temperature of the relay less than 
an allowable temperature. 

[0020] Here in "current-carrying line of the auxiliary 
motor" , a current-carrying line (current path) between 
the bridge circuit and the power source and a current- 
carrying line (current path) between the bridge circuit 
and the auxiliary motor are included. 
[0021] According to the invention, as the temperature 
sensor detects the temperature of the designated por- 
tion such as the above-mentioned, the temperature of 
the relay is judged and monitored based on the detec- 
tion temperature of the temperature sensor. Based on 
the result of monitoring, the current correction control is 
carried out for correcting down the target current value 
of the auxiliary motor according to necessity. According- 
ly, the temperature of the relay is kept less than the al- 
lowable temperature. 

[0022] Because of that, although the steering-assist- 
ance torque is decreased as rate as the limitation and 
the steering operation becomes heavy as rate as the 
torque, it is positively and surely avoided that each relay 
deteriorates or is damaged by the overheat. Further as 
the current being the source of the heat is limited, each 
relay is protected surely from the overheat without pro- 
viding a large radiator and making the capacity (size) of 
the relay large. Accordingly, the apparatus can keep the 
high reliability avoiding enlarging the control unit of the 
electric power steering apparatus. Result of this, the 
high reliability electric power steering apparatus protect- 
ed surely from the overheat of the relay can be realized 
even for the comparatively large vehicle such as a nor- 
mal personal car in which the large current is necessary 
to flow for driving the auxiliary motor. Further the appa- 
ratus has practically a superior effect corresponding to 
needs of market that the unit is constructed with a suit- 
able size for mounting the control unit of the apparatus 
onto the vehicle. 

[0023] A preferred construction of the invention is that 
the temperature sensor measures a temperature of a 
specific part of the relay as the temperature of the des- 
ignated portion. 

[0024] According to the construction, the temperature 
of the specific part of the relay is measured directly, and 
the temperature is monitored correctly and easily to pro- 
tect the overheat of the relay. 

[0025] A preferred construction of the invention is that 
the temperature sensor measures a temperature of a 
board mounting the relay thereon as the temperature of 
the designated portion. 

[0026] According to the construction, as the temper- 
ature sensor is provided by mounting on the above- 
mentioned board, an attachment of the temperature 
sensor becomes easy. 

[0027] A preferred construction of the invention is that 



the board (board mounting a relay) is a board made by 
metal. 

[0028] According to the construction, the heat gener- 
ated at the relay radiates efficiently outside through the 
5 board. By that the overheat of the relay is hard to gen- 
erate, and the operation frequency and degree of the 
above-mentioned current correction control becomes a 
little so as to obtain an effect easing the harmful effect 
of the current correction control (harmful effect that the 
steering operation becomes heavy as degree as cor- 
recting down the target current value) . In this case, as 
the temperature of the board measured by the temper- 
ature sensor becomes more desirable on the point of 
judging the temperature of the relay (that is, a relation 
between temperature of the relay and temperature of 
the board become more accruabie), and it becomes 
possible to judge and monitor accurately the tempera- 
ture of the relay so as to show effectively and efficiently 
action and the effect of the current correction control. 
[0029] Particularlywhentherelayissurface-mounted 
on the board, the heat generated at the rely efficiently 
transfers to the board, and the heat generated atthe rely 
efficiently radiates outside through the board so that the 
above-mentioned action and effect become more clear. 
[0030] A preferred construction of the invention is that 
the current control unit carries out the current correction 
control when the detection temperature detected by the 
temperature sensor rises over a predetermined value. 
[0031] According to the construction, the judging 
process is simplified whether the current correction con- 
trol is carried out or not. 

[0032] A preferred construction of the invention is that 
the current correction control raises a degree for cor- 
recting down the target current value step by step or 
continuously according to increase of the detection tem- 
perature or below-mentioned temperature assessed 
value. 

[0033] According to the construction, for example, 
when a degree of a high temperature state of the relay 
is comparatively low level as not so urgent, a flexible 
control is possible that a degree for limiting the current 
is controlled to be small and as a large steering-assist- 
ance torque as possible is kept. Especially in the case 
of increasing the correction level continuously, a fine 
current correction according to the degree of the high 
temperature state becomes possible, and it becomes 
finely possible that the overheat of the relay is surely 
avoided with as necessary minimum current correction 
as possible and on the other hand as large steering-as- 
sistance torque as possible is generated. 
[0034] A preferred construction of the invention is that 
a temperature rise caused by Joule heat at the relay 
from the current flowing through the relay is calculated, 
the detection temperature detected by the temperature 
sensor is added to the temperature rise, a temperature 
assessed value of the relay is calculated, and when the 
temperature assessed value rises over a predetermined 
value, the current control means carries out the current 
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correction control. 

[0035] According to the construction, the temperature 
detected by the temperature sensor is a base tempera- 
ture at assessment of temperature of the relay. Even if 
the temperature sensor does not measure the temper- 
ature of the relay itself and the temperature of a part 
correlating therewith (for example, even if the tempera- 
ture is detected at a place separating some degree from 
the relay on the board), the temperature assessed value 
of the relay is calculated correctly enough (in allowable 
error) so as to show action and effect of the current cor- 
rection control with fully actual level. Therefore a degree 
of freedom of the arrangement of the temperature sen- 
sor increases, and it becomes easily possible to use the 
temperature sensorfor another object (for example, the 
temperature monitoring of the switching element con- 
structing the bridge circuit). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 

Fig. 1 is a view showing entire construction of an 
electric power steering apparatus; 
Figs. 2A-C are respectively views showing an inside 
construction of an electromagnetic relay and pe- 
riphery construction; 

Fig. 3 is a flowchart showing an embodiment of 

process content of a control circuit; and 

Figs. 4A-B are respectively flowcharts showing an 

another embodiment of process content of a control 

circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] A mode for carrying out the invention is de- 
scribed below referring the figure. A embodiment of 
hardware construction of an electric power steering ap- 
paratus is described using Fig. 1 . The apparatus has an 
auxiliary motor 11, a control circuit 13 : a power circuit 
15, and a torque sensor 16. The auxiliary motor 11 is 
connected to a steering system of a vehicle and gener- 
ates a steering-assistance torque (hereafter, simply 
called motor 1 1 ). The control circuit 13 controls the mo- 
tor 11 through a driving circuit 12 (including an H-bridge 
circuit 12a). The power circuit 15 supplies a designated 
electric power to the control circuit 13 based on the out- 
put of a power source 14 (a battery) of the vehicle. The 
torque sensor 1 6 detects a steering torque of the steer- 
ing system. Here the control circuit 13 is suitable for a 
current control unit of the invention. 
[0038] In Fig. 1 , symbol 1 7 is an ignition switch which 
functions as a starting switch of the control circuit 13 in 
the device. 

[0039] Symbols 1 8a and 1 8b are electromagnetic re- 
lays (positively, contact points of the electromagnetic re- 
lays), and coils of these electromagnetic relays are driv- 



en and controlled by the control circuit 13 through a cir- 
cuit not shown. 

[0040] Symbol 1 8c is a temperature sensor (thermis- 
tor for example) for measuring a temperature of below- 
5 mentioned driving circuit board 41 (in this case positive- 
ly, temperature of a circuit conductor 42 on the board 
41) and provided on the driving circuit board 41 where 
the driving circuit 12 is formed. An output of the temper- 
ature sensor 18c is input to the control circuit 13. 
[0041] Symbol 19 is a resister (shunt resister) con- 
nected to a grand side of the bridge circuit 12a (that is, 
current-carrying line L2 between the bridge circuit 12a 
and a negative pole of the power source 1 4) , and a volt- 
age suitable for a voltage fall of the resister 19 is input 
to the control circuit 1 3 through input line 20. As the volt- 
age value input from the input line 20 is naturally in pro- 
portion to a current value of the motor 1 1 (hereafter sim- 
ply called motor current value), it is possible to detect 
the motor current value. The resister 19 and the input 
line 20 substantially construct a current detecting means 
21 of motor current. The driving circuit 12, thecontroPcir- 
cuit 13, the power circuit 15, and so on construct a con- 
trol unit 22 of the power steering apparatus. 
[0042] Here the driving circuit 12 includes the H- 
bridge circuit 12a in which, in this case, four field effect 
transistors SW1 to SW4 (hereafter called FETSW1 to 
FETSW4) are connected in H-bridged type to the motor 
11 . Each of FETSW1 to FETSW 4 as a switching ele- 
ment constructing the H-bridge circuit 12a is operated 
by PWM driving signal output from the control circuit 1 3. 
In this case, each of FETSW1 to FETSW 4 is an N-chan- 
nel enhancement type MOSFET where diodes D1 to D4 
(parasitic diodes) are disposed between drain and 
source structurally. 

[0043] The electromagnetic relay 1 8a (relay A) is pro- 
vide at a current-carrying line L1 between the bridge cir- 
cuit 1 2a and a positive pole of the power source 1 4. The 
electromagnetic relay 18a makes the current-carrying 
line L1 a conductible condition with a close state at a 
driving condition (coil exiting condition), and makes the 
current-carrying line L1 a cutoff condition with an open 
state at a non-driving condition (coil non-exiting 
condition) . The electromagnetic relay 18b (relay B) is 
provide at another current-carrying line L3 between the 
bridge circuit 1 2a and the motor 1 1 , The electromagnetic 
relay 18b makes the current-carrying line L3 a conduct- 
ible condition with a close state at the driving condition, 
and makes the current-carrying line L3 a cutoff condition 
with an open state at the non-driving condition. 
[0044] The control circuit 13 comprises a circuit in- 
cluding a microcomputer, and has control function at a 
usual condition (normal operation condition not abnor- 
mal condition as mentioned below) in which the H- 
bridge circuit 12a is controlled by generating PWM driv- 
ing signal with a duty ratio for realizing a motor current 
corresponding to the steering torque in order to gener- 
ate the auxiliary steering torque according to the steer- 
ing torque value sensed form a detection signal of the 
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torque sensor 1 6. The control circuit 1 3 also corrects the 
motor current down (suppression or limitation) than the 
usual condition by judging various kinds of abnormal 
condition (describedbelow) based on the detection val- 
ue of the temperature sensor 18c and the current de- 
tecting means 21 . Further, the control circuit has fail safe 
function for avoiding the over-current or the regenera- 
tive lock by making the electromagnetic relay 1 8a or 1 8b 
(relay A or B) the open state (details are described be- 
low). 

[0045] The power circuit 1 5 converts the voltage of the 
battery 14(normally 12V to 14V) to the designated volt- 
age (5V for example) and supplies the designated volt- 
age to the control circuit 13. 

[0046] The electromagnetic relay 1 8a may be provid- 
ed at the current-carrying line L2 between the bridge cir- 
cuit 12a and the negative pole of the power source 14 
(that Is, ground). The electromagnetic relay 1 8b may be 
provided at the current-carrying line L4 between the 
bridge circuit 12a and the motor 11 . The relay such as 
the electromagnetic relay 18a is always provided. The 
relay such as the electromagnetic relay 1 8b is not al- 
ways needed, and is not needed in the case that the 
regenerative lock does not become problem (for exam- 
ple, in the case that the turn operation of the handle of 
the vehicle is somehow possible even at such a condi- 
tion that both ends of coil of the motor 1 1 are connected, 
or in the case that connection of the motor 11 and the 
steering system is properly released by providing a 
clutch between the motor 11 and the steering system). 
[0047] An electrolytic capacitor which performs back- 
up of the power source at increase current of the motor 
11 (hereafter simply called motor current), and a ceram- 
ic capacitor for radio wave measures which suppresses 
a noise radiation are provided at a unit 22 besides the 
above-mentioned elements though not shown in the fig- 
ure. 

[0048] Next, structure of the electromagnetic relays 
1 8a and 1 8b and construction of periphery thereof is de- 
scribed referring Figs. 2A-C. 

[0049] Fig. 2A is a perspective view showing the ex- 
terior of each relay. Fig. 2B is a side section view show- 
ing inside structure of each relay. Fig. 2C is a side view 
of a driving circuit board where each relay is mounted. 
[0050] As shown in Figs. 2A and 2B, each relay has 
a baseboard 31 , an electromagnet 32, a moving contact 
spring 33, a moving contact 34, a fixed contact 35 and 
a common terminal 36. The baseboard 33 supports and 
fixes each parts directlyor indirectly. The electromagnet 

32 includes a coil and a core. The moving contact spring 

33 displaces elastically by an attraction of the electro- 
magnet 32. The moving contact 34 provides at a tip of 
the moving contact spring 33. The fixed contact 35 is 
arranged facing to the moving contact 34. The common 
terminal 36 is connected to the fixed contact 35 and a 
connecting terminal thereof is exposed at lowerface, left 
end of the baseboard 31 . Further the relay has an a con- 
tact terminal 37, coil terminals 38 and 39 and a box type 



case 40. The a contact terminal 37 is connected to the 
moving contact 34 through the moving contact spring 
33 and the a connecting terminal thereof is exposed at 
lower face, right end of the baseboard 31 . The coil ter- 
5 minals 38 and 39 are connected to each coil terminal of 
the electromagnet 32 and connecting terminals thereof 
are exposed at both side of lowerface, center portion of 
the baseboard 31 . The box type case 40 is made of syn- 
thetic resin attached at upperface side of the baseboard 
31 so as to cover each parts (except connecting terminal 
of each terminal). 

[0051] The relay is an electromagnetic relay that the 
moving contact 34 displaces to the fixed contact 35 by 
the attraction of the electromagnet 32 and a restoring 
force of the moving contact spring 33, and a contact con- 
dition between the moving contact 34 and the fixed con- 
tact 35 is switched. That is, at the driving condition that 
power source is supplied between the coil terminals 38 
and 39 by control of the control circuit 13 and the elec- 
tromagnet 32 functions, the moving contact 34 displac- 
es to a direction contacting to the fixed contact 35 by the 
attraction of the electromagnet 32, and the common ter- 
minal 36 and the a terminal 37 are made a conductibie 
condition. At the non-driving condition that power source 
is not supplied between the coil terminals 38 and 39, the 
moving contact 34 displaces to a direction separating 
from the fixed contact 35 by the restoring force of the 
moving contact spring 33, and the common terminal 36 
and the a terminal 37 are made a non-conductible con- 
dition. Although each electromagnetic relays 18a and 
18b is described as the same structure, they may be 
different structure and the capacity (size) of them may 
be different. 

[0052] In this case, each relay is mounted on a driving 
circuit board 41 as shown in Fig. 2C. 
[0053] The driving circuit board 41 is a metal board, 
and the driving circuit 12 is formed thereon. That is, the 
driving circuit board 41 is made in such a manner that 
a non-conductive layer (not shown) is formed on a sur- 
face (mounting face side) of an aluminum plate being 
base material, a wiring pattern 42 as a circuit conductor 
is formed on the layer by printed wiring technique, and 
parts such as FETSW1 to FETSW4and electromagnet- 
ic relays 1 8a and 1 8b constructing the driving circuit 12 
are mounted at designated portion of the wiring pattern 
42. In this case, the FETSW1 to FETSW4 and electro- 
magnetic relays 18a and 18b are arranged forming a 
line to a direction crossing the paper of Fig. 2C at right 
angles, and the chip of the temperature sensor 1 8c is 
mounted at position between these FETSW1 to 
FETSW4 and electromagnetic relays 18a and 18b. 
[0054] In Fig. 2C, an upper face side is a mounting 
face of the metal board (driving circuit board 41 ). At least 
each terminal 36 to 39 of electromagnetic relays 18a 
and 1 8b are made in shape of a surface for mounting 
(shape of lateral direction, parallel to mounting face), 
and are surface-mounted at a designated portion of the 
wiring pattern 42 on the driving circuit board 41 . For ex- 
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ample, after previously painting cream solder on an up- 
per face of the designated portion of the wiring pattern 
42, soldering is carried out by connecting an outer face 
(lower face) of each terminal 36 to 39 to the upper face 
of the designated portion, radiating infrared ray at the 5 
connecting portion, and melting the cream solder tem- 
porarily. 

[0055] In this case, the temperature sensor 18c meas- 
ures the temperature of the driving circuit board 41 (pos- 
itively, wiring pattern 42). 

[0056] In the mode for carrying out, a radiating board 
43 made by, for example, die-cast of aluminum is pro- 
vided at a back face (lower face side) of the driving cir- 
cuit board 41 while they are connected each other. The 
radiating board 43 is provided so as to expose at outer 
face (lower face) of the control unit 22. 
[0057] In such the construction, the heat generated at 
the electromagnetic relays 18a and 18b and EFTSW1 
to FETSW4 is efficiently transferred to a lower direction 
in the figure through the driving circuit board 41 , and 
finally radiated efficiently to outside of the unit (air out- 
side) from the radiating board 43. Particularly, in the 
electromagnetic relays 18a and 18b, Joule heat gener- 
ated mainly at each contact 34 and 35 efficiently trans- 
fers first to each member made of metal (common ter- 
minal 36, moving contact spring 33, a contact terminal 
37) because of the structure. Next, the heat transferred 
to the common terminal 36 and a contact terminal 37 
efficiently transfers the wiring pattern 42 of the driving 
circuit board 41 because of surface mounting structure. 
Then heat transferred to the wiring pattern 42 is efficient- 
ly transferred and radiated to the radiating board 43 
side. 

[0058] Further, in such the above-mentioned con- 
struction, the temperature measured by the temperature 
sensor 18c (temperature of the wiring pattern 42 of the 
driving circuit board 41 ) excellently changes as the base 
temperature of the electromagnetic relays 1 8a and 1 8b 
and FETSW1 to FETSW4. That is, a part measured by 
the temperature sensor 1 8c (the wiring pattern 42 of the 
driving circuit board 41 ) becomes the designated portion 
of the invention capable of being excellent base temper- 
ature at estimating temperature of the electromagnetic 
relays 1 8a and 1 8b (relays). In this case, the detection 
temperature of the temperature sensor 1 8c is also ca- 
pable of being an excellent base temperature when the 
temperature of FETSW1 to FETSW4 is estimated. That 
is, the temperature sensor 18c in this case in not only a 
sensor for the detecting temperature of the electromag- 
netic relays 1 8a and 1 8b but is used for a sensor for the 
detecting temperature of FETSW1 to FETSW4, the re- 
duction of the number of parts is realized comparing with 
the construction providing another temperature sensor. 
[0059] Although entire construction of the control unit 
22 is not shown in Fig. 2C, the following structure, for 
example, is summarized. 

[0060] That is, the control unit 22 comprises a base- 
board (not shown), the driving circuit board 41 , a frame- 



shaped plastic case (not shown), a non-conductive 
board (not shown) , the radiating plate 43 and a cover 
member (not shown) . The baseboard has the electro- 
lytic capacitor and shut resistor mounted thereon and a 
large current circuit (a part of the current-carrying lines 
L1 to L4) formed thereon. The driving circuit board 41 is 
attached by adhesive at a lower face of the baseboard. 
The frame-shaped plastic case (not shown) constructs 
an outer wall of a side face of the unit and has a con- 
nector for external wiring (not shown) provided thereon. 
The no n -conductive board has a low voltage circuit such 
as the control circuit 1 3 formed thereon and attached on 
an upper face of the baseboard. The radiating plate 43 
is attached at a lower face side (lower face side of the 
unit) of the plastic case while it is connected with a lower 
face of the driving circuit board 41 as above-mentioned. 
The cover member (not shown) is attached on an upper 
face of the plastic case so as to cover an upper face side 
of the unit. 

[0061] An outline of assembly process is the follow- 
ing. That is, first the driving circuit board 41 forming the 
driving circuit 1 2 is attached on the baseboard and con- 
nected by wire bonding. Next, thus assembled interme- 
diate assembling part is assembled to the plastic case 
to which the radiating plate 43 is previously attached. 
After that, the non-conductive board having the control 
circuit 13 formed thereon is attached to the baseboard 
so as to be disposed on the upper position of the driving 
circuit board 41 for example, and then the cover member 
is attached at the upper face side of the unit, so that the 
assembly process is completed. 
[0062] Next, an embodiment (first embodiment) of 
control content of the control circuit 13 is described. 
[0063] The control circuit 13 starts when an ignition 
switch 1 7 as a start switch is made ON, and repeatedly 
carries out a series of operation including the following 
processes at a certain period, for example, till a usual 
operating condition of the control circuit 13 stops by 
making the ignition switch 17 OFF. 
[0064] First, a process is performed for calculating the 
target current value of the motor current according to 
the value of the steering torque detected from the de- 
tection signal of the torque sensor 1 6. Although this cal- 
culation calculates the motor current value for generat- 
ing the target steering-assistance torque according (for 
example, in proportion) to the steering torque as a target 
current value, the target current value (that is, target 
steering-assistance torque) may be calculated by con- 
sidering parameters except the steering torque. For ex- 
ample, the construction is possible in which the steering- 
assistance torque varies a little according to a speed of 
the vehicle by varying the target current value based on 
the speed of the vehicle even if the steering torque is 
same. Nowadays as means for detecting the speed is 
usually provided at any kinds of vehicle, it is possible to 
carry out the above calculation by that the control circuit 
13 detects the speed if a signal of speed detecting 
means is input even to the control circuit 13. 
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[0065] After a process for carrying out the current cor- 
rection control to protect the electromagnetic relays 1 8a 
and 18b from overheat, the control circuit 13 controls 
each FET of the H-bridge circuit 1 2a by generating PWM 
driving signal of a duty ratio for realizing the target cur- 
rent value obtained at before processes. Because of 
this, the current almost equivalent to the target current 
value flows to the designated direction of the motor. In 
the condition that the current correction control does not 
function (in this case, a low temperature condition that 
the overheat of the electromagnetic relays 1 8a and 1 8b 
is impossible), for example, the auxiliary steering torque 
of the same direction as the steering torque with the 
magnitude according to the steering torque is generated 
so as to fully assist the steering operation. 
[0066] Although the control circuit 13 naturally con- 
trols each electromagnetic relay 18a and 18b to the 
close state in the usual operation condition, the control 
circuit 13 performs a process always monitoring an oc- 
currence of abnormality such as the following. The con- 
trol circuit 1 3 has fail safe function for cutting the current- 
carrying line L1 by making at least the electromagnetic 
relay 1 8a (relay A) the open state when the abnormality 
is detected. 

[0067] For example, in the case that actual motor cur- 
rent value detected by the current detecting means 21 
increases extremely than the target current value and 
then become impossible to control, and it is assumed 
that any of FETs shorts, the current-carrying line L1 is 
instantly cut by making the electromagnetic relay 18a 
(relay A) the open state so as to avoid the malfunction 
or the damage of the motor 11 . In this case, at the same 
time, the current-carrying line L3 is cut by making the 
electromagnetic relay 1 8b (relay B) the open state so as 
to avoid the regenerative lock of the motor 11 . 
[0068] For example, in the case that temperature de- 
tected by the temperature sensor 18c extremely rises 
and it is judged that it is impossible to cancel the over- 
heat condition by below-mentioned current correction 
control, the current-carrying line L1 is instantly cut by 
making the electromagnetic relay 1 8a (relay A) the open 
state, and the current of each current-carrying line L1 to 
L4 is made zero so as to protect surely the damage of 
each relay and FET by the overheat. 
[0069] The control circuit 13 carries out at least a se- 
ries of processes shown in Fig. 3 as the current correc- 
tion process according to the invention. In this case, 
these processes are carried out repeatedly cyclically as 
long as the control circuit operates as a subroutine op- 
posing to main routine in operation program of the con- 
trol circuit 13 for example. 

[0070] When the subroutine is started, first in Step 1 , 
a temperature assessed value T r of the electromagnetic 
relays 1 8a and 1 8b (in this case strictly, assessed value 
of the temperature of the contact of each relay) is cal- 
culated from the detection temperature Ts detected by 
the temperature sensor 18c. Concretely, by calculating 
square of a current vale I of each current-carrying line 



L1 or L3 (that is, current value flowing through each re- 
lay) detected by the current detecting means 21 and 
multiplying a contact resistance value R (previously set- 
up value by experiment or calculation) of each relay, a 
5 calorific value Rl 2 of Joule heat generated at contact of 
each relay is calculated one by one. By carrying out one 
by one integral calculation taking physical property val- 
ue of the contact of each relay as a parameter (previ- 
ously set-up value by experiment or calculation) to the 
newest data row of calorific value Rl 2 obtained like the 
above, a temperature rise value A Tr caused by the cal- 
orific value is calculated. Then by adding the tempera- 
ture rise value ATr obtained like the above to the detec- 
tion temperature Ts detected at that time s the tempera- 
ture assessed value Tr (=Ts+ATr) of each relay at time 
point is calculated. 

[0071] Method of calculation of the temperature as- 
sessed value Tr is not limited by the above-mentioned 
mode, and various suitable modes are used according 
to a position for attaching the temperature sensor 18c 
(temperature measuring portion) or structure of the re- 
lay. 

[0072] For example, the temperature of the specific 
part of each relay (for example, the common terminal 
36 and the a contact terminal 37) or the temperature of 
a part where a temperature is changed in such a condi- 
tion that the relation with the temperature of each relay 
is kept (for example, nearby position of each relay on 
the driving circuit board 41) is measured, and then the 
measured value itself or a value is obtained by multiply- 
ing a designated coefficient to the measured value may 
be the temperature assessed value. 
[0073] In this case, as the value of the current I flowing 
through the relay is different in the electromagnetic relay 
18a and the electromagnetic relay 1 8b and the temper- 
ature condition is different in the electromagnetic relay 
18a and the electromagnetic relay 18b, it needs desira- 
bly to calculate the temperature assessed value of every 
relay. In judge of the following steps S2, S4, S6, for ex- 
ample, it is desirable to process using the temperature 
assessed value of the relay of side where the high tem- 
perature condition is high (near allowable temperature). 
[0074] Next, in step S2, it is judged whether the tem- 
perature assessed value Tr of the relay calculated at 
step S1 is more than a predetermined value K1 or not. 
When the temperature assessed value Tr is more than 
the predetermined value K1 , it is judged that the tem- 
perature is in high temperature condition where the cur- 
rent correction is to be needed (in this case, current lim- 
itation) and then the process advances to step S4. When 
it is not so, it is judged that current limitation is not need 
and then the process advances to step S3. 
[0075] in step S3, a value of the current limitation val- 
ue Imax is set up to infinity (»). 

[0076] On the other hand, in step S4, it is judged 
whether the temperature assessed value Tr of the relay 
calculated at step S1 is more than a predetermined val- 
ue K2 or not. When the temperature is more than the 
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predetermined value K2, it is judged that the tempera- 
ture is in the high temperature condition where a com- 
parably severe current limitation is to be needed and 
then the process advances to step S6. When it is not 
so, it is judged comparably loose current limitation is to 
be performed and then the process advances to step 
S5. 

[0077] In step S5, the value of current limitation value 
Imax is set up to the largest set-up value A. 
[0078] lnstepS6, it is judged whether the temperature 
assessed value Tr of the relay calculated at step S1 is 
more than a predetermined value K3 or not. When the 
temperature Is more than the predetermined value K3. 
it is judged that the temperature is in high temperature 
condition near an allowable temperature where the se- 
verest current limitation is to be needed and then the 
process advances to step SB. When it is not so, it is 
judged an intermediate degree current limitation is to be 
performed and then the process advances to step S7. 
[0079] in step S7, the value of current limitation value 
Imax is set up to an intermediate degree set-up value 
B. On the other hand, in step S8, the value of current 
limitation value imax is set up to the smallest set-up val- 
ue C. 

[0080] Each the predetermined value K1 to K3 may 
be set up to adaptable value considering allowable tem- 
perature of each relay and factor of safety (margin) 
thereto. 

[0081] In this case, it is necessary to set up so that 
relation of K3>K2>K1 is established. Concretely, it may 
be set up such that K3 is 90% of the above-mentioned 
allowable temperature, K2 is 80% of the allowable tem- 
perature, and K1 is 70% of the allowable temperature. 
[0082] Each set-up value A to C selected as the value 
of current limitation value Imax may be set up so that 
adaptable current limitation according to each predeter- 
mined value K1 to K3. For example, set-up value A is 
90% of the maximum of the target current value, set-up 
value B is 50% of the same, and set-up value C is 1 0% 
of the same. 

[0083] Next, in step S9, it is judged whether a current 
command (that is, target current value determined ac- 
cording to the steering torque) is more than the value of 
current limiting value Imax or not. When the current is 
more than the value of current limiting value Imax, the 
process advances to step S10. When It is not so, it is 
judged that current limitation is not need because of less 
than the current limitation value and then the process 
ends the process of one sequence. 
[0084] In step S1 0; the value of the target current val- 
ue is corrected down by renewing to the value of the 
current limiting value Imax. That is, when the target cur- 
rent value is larger than the value of current limiting val- 
ue lmax 5 the target current value is changed to the value 
of the current limiting value Imax and corrected so as to 
be equal or less than the value of current limiting value 
Imax (that is, the target current value is limited equal to 
or less than the value of current limiting value Imax). 



[0085] In the case that judge of step S2 is negative as 
above-mentioned, step S3 is carried out so that the val- 
ue of current limiting value Imax is infinity. Because of 
that, in this case, the current limitation is not carried out 
s practically. In this case, the target current value does not 
increase freely. Because a certain limitation value (max- 
imum value) exists naturally and the target current value 
is impossible to become a value larger than the maxi- 
mum value. Therefore the current correction control 
(current limitation control) of the embodiment for carry- 
ing out shown in Fig. 3 is to correct down the maximum 
value of the target current value according to the tem- 
perature of the relay. 

[0086] According to the process of Fig. 3 above-de- 
scribed, when the temperature of each relay rises near 
the allowable temperature and is more than the prede- 
termined value K1, the target current value is limited 
than the normal condition and corrected down according 
to necessity, and even PWM driving signal is corrected 
according to this limitation. As a result, even the current 
value of each relay (in this case, current value of the 
current-carrying lines L1 and L3) is limited similarly. Be- 
cause of that, although the steering-assistance torque 
is decreased as rate as the limitation and the steering 
operation becomes heavy as rate as the torque, it is pos- 
itively and surely avoided that each relay deteriorates 
or is damaged by the overheat. Further as the current 
being the source of the heat is limited, each relay is pro- 
tected surely from overheat without making the capacity 
(size) of the radiation plate 43 and each relay, and the 
process has effect superior practically keeping the high 
reliability avoiding enlarging the device. 
[0087] Limitation of the current value is carried out 
step by step corresponding to the temperature of each 
relay by plural above-mentioned predetermined values 
K1 to K3 and current limitation values A to C. Because 
of that, for example, when a degree of high temperature 
condition of each relay is comparably low level as it is 
not so urgent, a flexible control is possible to make sure 
of the steering-assistance torque as large as possible 
by decreasing a degree for limiting the current. 
[0088] The control process similar as the current cor- 
rection control for the overheat protectionof the above- 
mentioned relay may be carried out about FETSW1 to 
FETSW4. Then effect is obtained to avoid positively and 
surely even overheat of FETSW1 to FETSW4. In this 
case, the temperature assumption of FETSW1 to FET- 
SW 4 is possible using the same temperature sensor 
1 8c as the relay. 

[0089] Next, another embodiment (second embodi- 
ment) of control content of the control circuit 13 is de- 
scribed below. As the second embodiment has charac- 
teristic at a part of process for current correction control 
and another processes content is similar as the first em- 
bodiment, repeated description of content similar as the 
first embodiment is omitted putting the same symbol. 
[0090] The control circuit 13 of the embodiment car- 
ries out process shown in flowchart of Fig. 4A as a proc- 
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ess of the above-mentioned subroutine for current cor- 
rection control Characteristic here is a step S11 provid- 
ed instead of the above-mentioned steps S2 to SB. tn 
step S1 1 , the current limitation value Imax is determined 
by estimating the temperature assessed value Tr of the 
relay continuously based on data table (or function) for 
determining maximum current previously set up as Fig. 
4B. 

[0091 ] In such process content, the following charac- 
teristic is obtained adding effect of the above-mentioned 
first embodiment. That is, a fine current limitation ac- 
cording to the degree of the high temperature condition 
of the relay is possible, and it becomes possible finely 
that the overheat of the relay is surely avoided with a 
necessary minimum current limitation and thesteering- 
assistancetorqueisgeneratedasmuchaspossible. 
[0092] The invention is not limited only to the above- 
mentioned embodiments and it is clear that there are 
various kinds of embodiment. 

[0093] For example, the current correction control of 
the invention is not limited to the control process for lim- 
iting the current (to correct down the maximum value of 
the current) as above-mentioned. The current correction 
control may be control that the target current value is 
decreased by taking a designated ratio according to the 
high temperature level of the relay, for example, away 
from the target current value determined according to 
the steering torque when the temperature (detected val- 
ue or assessed value) of the relay is more than a pre- 
determined value. 

[0094] As the above-mentioned embodiment, in the 
case that there are relays at several places and the over- 
heat of one relay prevent by only natural radiation, the 
current correction control of the invention maybe carried 
out about only the other relay. In the case that there are 
relays at several places, respective current correction 
controls may be earned out about each relay. 
[0095] Although the temperature sensor 18c of the 
above-mentioned embodiment is used even for the tem- 
perature monitoring of FET, the temperature sensor only 
for the relay may be provided. In the case that there are 
plural relays, the temperature sensors may be provided 
at every relay 

[0096] An idea of the invention is not limited to the 
above-mentioned electric power steering apparatus, a 
device having a relay (electromagnetic relay, or switch- 
ing element such as FET) for switching a current-carry- 
ing line and problem of the overheat of the relay (partic- 
ularly device required miniaturization) is applicable and 
has similar effect as the above. 

[0097] The current-carrying control device according 
to the invention can judge the temperature of the relay 
based on the detection temperature of the temperature 
sensor and monitor the relay. Current correction control 
for correcting down the current through the relay accord- 
ing to necessity based on the result of monitoring is per- 
formed so as to keep the temperature of the relay less 
than the allowable temperature. 



[0098] Because of that, it can avoid positively and 
surely that the relay deteriorates or is damaged by the 
overheat. Furthermore as the current being the source 
of the heat is limited, the relay is protected surely from 
5 the overheat without providing a large radiator or an en- 
larging capacity (size) of the relay, and the device can 
make sure of the high reliability avoiding enlarging the 
device. 

[0099] Even the electric power steering apparatus of 
10 the invention using such current-carrying control device 
can make similarly sure of high reliability avoiding en- 
larging the apparatus (in this case, enlarging the control 
unit). Result of this, the high reliability electric power 
steering apparatus protected surely from the overheat 
*5 of the relay can be realized even for comparatively a 
large vehicle such as normal personal car in which large 
current is necessary to flow for driving the auxiliary mo- 
tor. Further the device has practically superior effect cor- 
responding to needs of market that the unit is construct- 
20 ed with suitable size for loading the control unit of the 
device onto the vehicle 



Claims 

25 

1. A current-carrying control device comprising: 

a relay provided at a current-carrying line of a 
load and controlling the current-carrying line to 

30 a conductible state or a cutoff state by a switch- 

ing operation of said relay; 
a temperature sensor detecting a temperature 
at a designated portion where a temperature of 
said relay can be detected or calculated; and 

35 a current control unit carrying out a current cor- 

rection control for correcting down a current 
flowing through said relay based on a detection 
temperature detected by said temperature sen- 
sor. 



40 



2. The electric power steering apparatus comprising: 



an auxiliary motor connected to a steering sys- 
tem of a vehicle and generating a steering-as- 

45 sistance torque; 

a bridge circuit having a plurality of switching 
elements and for driving said auxiliary motor; 
a relay provided at a current-carrying line of 
said auxiliary motor; 

so a temperature sensor detecting a temperature 

at a designated portion where a temperature of 
said relay can be detected or calculated; and 
a current control unit carrying out a current cor- 
rection control for correcting down a current 

55 flowing through said relay based on a detection 

temperature detected by said temperature sen- 
sor. 
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3. The electric power steering apparatus according to 
claim 2, wherein said temperature sensor measures 
a temperature of a specific part of said relay as the 
temperature of said designated portion. 

5 

4. The electric power steering apparatus according to 
claim 2, wherein said temperature sensormeasures 
a temperature of a board where said relay is mount- 
ed as the temperature of said designated portion. 

10 

5. The electric power steering apparatus according to 
claim 4, wherein said board is a board made by met- 
al. 

6. The electric power steering apparatus according to 15 
any one of claims 2-5, wherein said current control 
unit carries out the current correction control when 

the detection temperature detected by said temper- 
ature sensor rises over a predetermined value. 

20 

7. The electric power steering apparatus according to 
claim 6, wherein said current control unit corrects 
down the current flowing through said relay step by 
step or continuously according to an increase of the 
detection temperature in order to keep the temper- 25 
ature of said relay less than an allowable tempera- 
ture. 

8. The electric power steering apparatus according to 
any one of claims 2-7, wherein said current control 30 
unit carries out the current correction control when 

a temperature assessed value rises over a prede- 
termined value, said temperature assessed value 
being a sum of a temperature rise caused by Joule 
heat at the relay calculated from the current flowing 35 
through said relay and the detection temperature 
detected by the temperature sensor. 

9. The electric power steering apparatus according to 
claim 2, wherein said current control unit makes <*o 
said relay an open state to make the current-carry- 
ing line an cutoff condition when an abnormal con- 
dition occurs. 

10. The electric power steering apparatus according to *s 
claim 2, wherein, at a usual operation condition, 
said current control unit controls, by operating the 
switching elements according to a steering torque 

of the steering system, a current of said auxiliary 
motor to a target current value for generating the so 
steering-assistance torque according to the steer- 
ing torque while making said relay a close state to 
keep the current-carrying line with a conductible 
condition. 
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(54) Current-carrying control device and electric power steering apparatus 



(57) Current correction control is carried out by con- 
trol process of a control circuit 13 that temperatures of 
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